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BIOLOGICAL GROWTH PLATE SCANNER WITH AUTOMATED INTAKE 

FIELD 

[0001] The invention relates to biological scanners for analysis of biological growth 
5 plates and detection of bacteria or other biological agents in food samples, laboratory 
samples, and the like. 

BACKGROUND 

[0002] Biological safety is a paramount concern in modern society. Testing for 
10 biological contamination in foods or other materials has become an important and often 

mandatory requirement for developers and distributors of food products. Biological 
testing is also used to identify bacteria or other agents in laboratory samples such as 
blood samples taken from medical patients, laboratory samples developed for 
experimental purposes, and other types of biological samples. Various techniques and 
15 devices can be utilized to improve biological testing and to streamline and standardize 

the biological testing process. 

[0003] A wide variety of biological growth plates have been developed. As one 
example, biological growth plates have been developed by 3M Company (hereafter 
"3M") of St. Paul, Minnesota. Biological growth plates are sold by 3M under the trade 

20 name PETRIFILM plates. Biological growth plates can be utilized to facilitate the 

rapid growth and detection of bacteria or other biological agents commonly associated 
with food contamination, including, for example, aerobic bacteria, E. coli, coliform, 
enterobacteriaceae, yeast, mold, Staphylococcus aureus, Listeria, Campylobacter, and 
the like. The use of PETRIFILM plates, or other growth media, can simplify bacterial 

25 testing of food samples. 

[0004] Biological growth plates can be used to enumerate or identify the presence of 
bacteria so that corrective measures can be performed (in the case of food testing) or 
proper diagnosis can be made (in the case of medical use). In other applications, 
biological growth plates may be used to rapidly grow bacteria or other biological agents 

30 in laboratory samples, e.g., for experimental purposes. 

[0005] Biological scanners refer to devices used to scan or count bacterial colonies, 
or the amount of a particular biological agent on a biological growth plate, or the like. 
For example, a food sample or laboratory sample can be placed on a biological growth 
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plate, and then the plate can be inserted into an incubation chamber. After incubation, 
the biological growth plate can be placed into the biological scanner for automated 
detection and enumeration of bacterial growth. Biological scanners automate the 
detection and enumeration of bacteria or other biological agents on a biological growth 
5 plate, and thereby improve the biological testing process by reducing human error. 

SUMMARY 

[0006] In general, the invention is directed to a biological scanner for biological 
growth plates. A biological growth plate is inserted into the biological scanner. Upon 

10 insertion of the biological growth plate, the biological scanner generates an image of 

the plate. Then, the amount of biological agents that appear in the image, such as a 
number of bacteria colonies, can be counted or otherwise determined using image 
processing and analysis routines performed either by the biological scanner or an 
external computing device, such as a desktop computer, workstation or the like. In 

15 either case, the biological scanner automates the analysis of biological growth plates. 

[0007] The biological scanner incorporates an automated loading mechanism to 
facilitate handling and analysis of biological growth plates by the scanner. The 
automated loading mechanism is configured to draw the growth plate into the scanner 
and place the growth plate in a scanning position. In particular, the biological growth 

20 plate is loaded into the biological scanner via motorized rollers or another transport 
mechanism, and an actuator presses the growth plate against a platen once the growth 
plate is drawn to a scanning position within the scanner. The biological scanner then 
generates one or more images of the growth plate. 

[0008] Sensors can be arranged to facilitate sensing and positioning of the growth 
25 plate in a plurality of positions to scan different parts of the growth plate. For example, 
a first scanning position may correspond to an indicia on the growth plate and a second 
scanning position may correspond to a location of biological agents on the biological 
growth medium. Also, a hinged door may facilitate access to the scanner, and footings 
disposed on various sides of the scanner may facilitate selective positioning of the 
30 scanner in an inverted orientation for simplified use by right-handed or left-handed 
users. 
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[0009] In one embodiment, the invention provides a biological scanner for scanning a 
biological growth medium. The scanner comprises a transport mechanism to draw the 
biological growth medium into the biological scanner, a platen within the biological 
scanner, and one or more sensors to detect when the biological growth medium is 
5 drawn to a scanning position adjacent the platen. The scanner also includes an actuator 
to press the biological growth medium against the platen when the one or more sensors 
detect that the biological growth medium is drawn to the scanning position, and an 
imaging device to generate an image of the biological growth medium when the 
biological growth medium is pressed against the platen. 

10 [0010] In another embodiment, the invention provides a biological scanner for 
scanning a biological growth medium. The scanner comprises a housing and an 
imaging device to generate an image of the biological growth medium when the 
biological growth medium is within the housing. The scanner also includes a first set 
of footings on a first side of the housing, and a second set of footings on a second side 

15 of the housing such that the biological scanner can be positioned on either of the first or 

second set of footings. 

[0011] In another embodiment, the invention provides a biological scanner for 
scanning a biological growth medium. The scanner comprises a housing formed with a 
hinged door, and an imaging device to generate an image of the biological growth 
20 medium when the biological growth medium is within the housing. The scanner also 

includes a set of rollers to draw the biological growth medium into the biological 
scanner, the set of rollers including a first subset of rollers disposed on the hinged door 
and a second subset of rollers that abut the first subset of the rollers when the hinged 
door is closed. 

25 [0012] In another embodiment, the invention provides a biological scanning system 

comprising a biological scanner for scanning a biological growth medium. The scanner 
comprises a transport mechanism to draw the biological growth medium into the 
biological scanner, a platen within the biological scanner, one or more sensors to detect 
when the biological growth medium is drawn to a scanning position adjacent the platen, 

30 an actuator to press the biological growth medium against the platen when the one or 
more sensors detect that the biological growth medium is drawn to the scanning 
position, and an imaging device to generate an image of the biological growth medium 



when the biological growth medium is pressed against the platen. The system also 
includes a computer coupled to the biological scanner and including a processor that 
counts biological agents in the medium based on the image. 

[0013] In another embodiment, the invention provides a method comprising receiving 
5 a biological growth medium in a biological scanner, drawing the biological growth 

medium to a first scanning position within the scanner and generating a first image of 
the biological growth medium. The method also includes drawing the biological 
growth medium to a second scanning position within the scanner, and generating a 
second image of the biological growth medium. 

10 [0014] Various aspects of the invention may provide a number of advantages. For 

example, the invention may ensure that a biological growth plate can be inserted into a 
biological scanner, properly positioned within the scanner, imaged or otherwise 
scanned to identify or enumerate amounts of biological agents, and then ejected from 
the biological scanner in an automated fashion. In particular, the sensor configurations 

15 described herein can automate the insertion and positioning of biological growth plates 

in a manner that ensures that reliable imaging can occur, thereby improving the 
integrity of automated scanning of such biological growth plates. Automation of the 
ejection of the plate from the biological scanner can also simplify the process for a user. 
[0015] In addition a hinged door can allow for simplified access to the interior of the 

20 scanner. Accordingly, the scanner components can be cleaned or repaired with greater 
ease. Also, a hinged door allows for simplified alleviation of jams or other problems 
within biological scanner. In addition, footings disposed on various sides of the 
scanner provide flexibility in terms of the input and output locations of the scanner. A 
user, for example, may position the scanner on a given set of footings based on the 

25 users preferences or the work environment in which the scanner is used. 

[0016] Additional details of these and other embodiments are set forth in the 
accompanying drawings and the description below. Other features, objects and 
advantages will become apparent from the description and drawings, and from the 
claims. 
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BRIEF DESCRIPTION OF DRAWINGS 
[0017] FIG. 1 is a perspective view of a biological scanner according to one 
embodiment of the invention. 

[0018] FIG. 2 is a perspective view of an exemplary system comprising a biological 
5 scanner coupled to an external computer which performs imaging analysis of the 
images generated by the biological scanner. 

[0019] FIG. 3 is a cross-sectional top view of a biological scanner according to an 
embodiment of the invention. 

[0020] FIG. 4 is another cross-sectional top view of the biological scanner illustrated 
10 in FIG. 3. 

[0021] FIG. 5 is a cross-sectional front view of the biological scanner illustrated in 
FIGS. 3 and 4. 

[0022] FIGS. 6 A and 6B are perspective views collectively illustrating a biological 
scanner that includes sets of footings disposed on different sides of the scanner. 
15 [0023] FIG. 7 is a flow diagram illustrating operation of an exemplary biological 

scanner in accordance with an embodiment of the invention. 

DETAILED DESCRIPTION 
[0024] The invention is directed to a biological scanner for biological growth plates, 

20 or other biological growth media. In accordance with the invention, the biological 

growth plate is loaded into the biological scanner via motorized rollers or another 
transport mechanism, and an actuator presses the growth plate against a platen once the 
growth plate is drawn to a scanning position within the scanner. The biological scanner 
then generates one or more images of the growth plate. An imaging device such as a 

25 2-dimensional monochromatic camera can be positioned within the scanner to generate 

one or more images of the growth plate when the growth plate is pressed against the 
platen. 

[0025] Sensors can be arranged to facilitate sensing and positioning of the growth 
plate in a plurality of locations for imaging different parts of the growth plate. For 
30 example, the growth plate may be sensed and imaged at a first location to generate an 
image of indicia, such as a bar code, on the growth plate. The indicia may identify the 
plate or type of plate, so that appropriate scanning and image processing routines can 
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be selected. For example, different processing routines may be performed to count 
biological growth on the growth plate based on the indicia. In any case, the growth 
plate can be moved to a second location to generate one or more images of the 
biological agents on the growth plate. An arrangement of sensors automate the 
5 positioning and movement of the growth plate through the scanner. Alternatively, the 

imaging device could be used to detect positioning of the growth plate, instead of 
sensors. 

[0026] Also described is a hinged door of a biological scanner that facilitates access 
to the interior of the scanner. A subset of the rollers can be disposed on the hinged 

10 door, such that the rollers on the door contact other rollers when the door is closed. A 
motor drives at least some of the rollers to draw the growth plate through the scanner. 
[0027] In addition, footings may be disposed on various sides of the scanner to 
facilitate flip-over of the scanner for simplified use by right-handed or left-handed users 
In particular, footings can be disposed on various sides of the scanner to facilitate 

15 flexibility in terms of the input and output locations of the scanner. A user may 

position the scanner on a given set of footings based on the users preferences or the 
work environment in which the scanner is used. 

[0028] Various aspects of the invention may be useful with a variety of biological 
growth plates. For example, the invention may be useful with different plate-like 

20 devices for growing biological agents to enable detection and/or enumeration of the 

agents, such as thin-film culture plate devices, Petri dish culture plate devices, and the 
like. Therefore, the term "biological growth plate" will be used broadly herein to refer 
to a medium suitable for growth of biological agents to permit detection and 
enumeration of the agents by a scanner. Many types of growth plates or media could 

25 also be used in accordance with the invention. 

[0029] FIG. 1 is a perspective view of a biological scanner 10 in accordance with one 
embodiment of the invention. As illustrated, biological scanner 10 is designed to 
receive a biological growth plate 12. In particular, biological scanner 10 includes a 
housing 16 that defines an input slot 18 for receiving biological growth plate 12. A 

30 guide mechanism 13 may be formed on housing 16 to aid insertion of biological growth 
plate 12 into biological scanner 10. Biological scanner 10 also includes an ejection slot 
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(not shown), through which growth plate 12 is ejected following imaging of growth 
plate 12. 

[0030] Biological scanner 10 may also include other features, such as a display 
screen (not shown) to display the progress or results of analysis of the biological 
5 growth plate to a user. In some embodiments, biological scanner 10 includes an 

internal processor for analyzing the images of growth plate 12. In other embodiments, 
however, the processing of images occurs external to biological scanner 10, e.g., in a 
desktop computer, workstation, or the like. In the latter case, biological scanner 10 
may include an interface to allow biological scanner 10 to be communicatively coupled 

10 to another computer. 

[0031] Biological scanner 10 houses an imaging device, such as a 2-dimensional 
monochromatic camera for generating one or more images of an inserted biological 
growth plate 12. In addition, biological scanner 10 may house various illuminators for 
illuminating the front and back of biological growth plate 12 during imaging. The 

15 illuminators can illuminate biological growth plate 12 with one or more colors, and one 

or more images of growth plate 12 can be generated and then analyzed to determine 
bacteria counts on growth plate 12. 

[0032] Growth plate 12 may include a growth area 17 where bacteria or other agents 
manifest on growth plate 12. Growth area 17 may be a flat surface or a recessed well. 

20 A determination of whether a given sample being tested in growth plate 12 is 

acceptable, in terms of bacterial colony counts, may depend on the number of bacterial 
colonies per unit area. Accordingly, images generated by biological scanner 10 can be 
used to quantify the amount of bacterial colonies per unit area on plate 12. The surface 
of biological growth plate 12 in growth area 17 may contain one or more growth 

25 enhancing agents designed to facilitate the rapid growth of one or more types of 

bacteria or other biological agents. In some cases, biological growth plate 12 is 
incubated prior to insertion into biological scanner 10. 

[0033] Growth plate 12 may also include indicia 19, such as a bar code or other type 
of identification marking used to identify growth plate 12. For example, indicia 19 may 
30 identify the type of bacteria or biological agent being grown and tested on growth plate 
12. Biological scanner 10 can be designed to draw growth plate 12 into scanner to a 
first location and generate an image of indicia 19, and then draw growth plate 12 to a 
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second location and generate an image of growth area 17. In this manner, images of 
indicia 19 and growth area 17 can be generated by biological scanner 10. Alternatively, 
a single image may capture both indicia 19 and the growth area 17. In either case, 
scanning indicia 19 can facilitate identification of the type of plate being used and 
5 scanning growth area 17 and thereby improve automated counting of biological agents 

grown on plate 12. 

[0034] By way of example, growth plate 12 may comprise a biological growth plate 
sold by 3M under the trade name PETRIFILM plates. Growth plate 12 can be utilized 
to facilitate the rapid growth and detection of bacteria or other biological agents 
10 commonly associated with food contamination, including, for example, aerobic 

bacteria, E. coli, coliform, enterobacteriaceae, yeast, mold, Staphylococcus aureus, 
Listeria, Campylobacter, or the like. 

[0035] FIG. 2 is a perspective view of an exemplary system 21 comprising a 
biological scanner 20 coupled to an external computer 22 which performs imaging 

15 analysis of the images generated by the biological scanner. External computer 22 may 

include, for example, a microprocessor programmed for image analysis of biological 
growth plate 24. External computer 22 may comprise a personal computer (PC), 
desktop computer, laptop computer, handheld computer, workstation, or the like. For 
example, software programs can be loaded on external computer 22 to facilitate image 

20 analysis of images of biological growth plate 24 generated by biological scanner 20. 

[0036] Biological scanner 20 is coupled to external computer 22 via interface 25. 
Interface 25, for example, may comprise a Universal Serial Bus (USB) interface, a 
Universal Serial Bus 2 (USB2) interface, an IEEE 1394 FireWire interface, a Small 
Computer System Interface (SCSI) interface, an Advance Technology Attachment 

25 (ATA) interface, a serial ATA interface, a Peripheral Component Interconnect (PCI) 

interface, a conventional serial or parallel interface, or the like. 
[0037] FIG. 3 is a cross-sectional top view of a biological scanner 30, which may 
correspond to biological scanner 10 or biological scanner 20. As shown in FIG. 3, 
biological scanner 30 comprises a housing 31 that houses an imaging device 32, such as 

30 a camera and one or more illuminators 33A, 33B for illuminating a growth plate to be 
imagined. Circuitry 34 controls imaging device 32 and illuminators 33 in order to 
generate one or more images of a growth plate. 
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[0038] By way of example, imaging device 32 may comprise a 2-dimensional 
monochromatic camera and illuminators 33 may comprise three-color illuminators that 
selectively illuminate the growth plate with one or more colors. Various 
monochromatic images of the growth plate can be generated by imaging device 32 

5 when the growth plate is illuminated by the one or more colors. 

[0039] Housing 3 1 defines a guiding mechanism 35 to aid insertion of growth plates 
into biological scanner 30. A user, for example, may insert a growth plate between 
guiding mechanism 35 and actuator 47, which typically includes a pressure plate and 
may also include various back illuminators. Actuator 47 is solenoid driven to press and 

10 release the growth plate against a platen 41. When pressed against platen 41, the 

growth plate is positioned in the focal plane of imaging device 32. Various motorized 
rollers can grasp the growth plate and draw the growth plate into biological scanner 30 
for imaging. 

[0040] In particular, biological scanner 30 includes a set of rollers 36A, 36B, 37A, 
15 37B which draw the growth plate into biological scanner 30 and automate movement of 

the growth plate through scanner 30. Other types of transport mechanisms could also 

be used, however, instead of rollers. In the exemplary embodiment illustrated in FIG. 

3, a first subset of rollers 3 6 A, 36B may comprise segmented rubber rollers driven by 

motor 38 via belt 39. Motor 38 may comprise a direct current (DC) motor responsive 
20 to sensors that detect positioning of the growth plate. In this manner, rollers 36A, 36B 

are motor-driven to facilitate automated movement of a growth plate through scanner 

30. 

[0041] A second subset of rollers 37A, 37B may comprise spring loaded pressure 
rollers that abut rollers 36A, 36B and provide a bias force such that a growth plate can 

25 be drawn between the set of rollers 36A, 36B, 37A, 37B by movement of subset of 

rollers 36A, 36B. Spring loaded rollers 36 A, 36B, for example, may provide an 
amount of spring bias that accommodates different growth plates of different widths. 
Also the set of rollers 36 A, 36B, 37 A, 37B may be positioned sufficiently close to one 
another to ensure that the smallest desired growth plate can be drawn through scanner 

30 30. Again, rollers 36 A, 36B, 37 A, 37B generally comprise one type of transport 

mechanism that may be used in accordance with the invention. However, other types 
of transport mechanisms could alternatively be used. 



-10- 



[0042] Biological scanner 30 comprises a platen 41 and an actuator 47 that presses a 
biological growth plate against platen 41 when the biological growth plate is positioned 
in a desirable scanning position. In particular, actuator 47 can press the growth plate 
against platen 41 to ensure the growth plate is in the focal plane of imaging device 32. 
5 Rollers 36A, 36B, 37A, 37B can draw the growth plate to the desired scanning position 

and actuator 47 can press the growth plate against platen 41. Dluminators 33A, 33B 
illuminate the growth plate with one or more colors and one or more images are 
generated by imaging device 32. A set of sensors (not shown in FIG. 3) can automate 
the detection and positioning of the growth plate at the desired scanning position. 
10 Alternatively, imaging device 32 could be used to detect positioning of the growth 
plate, instead of sensors. 

[0043] Actuator 47 may comprise another platen such that when actuator 47 presses 
the growth plate against platen 41, the growth plate is sandwiched between two platens. 
Additional back illuminators 42 can provide back illumination to the growth plate 

15 during imaging. In some cases, back illuminators 42 are disposed on a platen that 
forms part of the actuator. In that case, actuator 47 further includes a three color 
illumination system, which may incorporate red, green and blue (RGB) illumination 
LEDs. The RGB LEDs may provide side illumination to actuator 47 and thereby 
provide back illumination to a biological growth plate that rests between actuator 47 

20 and platen 41. In addition, similar RGB illumination LEDs may be used to provide top 

illumination. In other words, illuminators 33A, 33B may also comprise RGB 
illumination LEDs. 

[0044] Actuator 47 may be solenoid driven. In that case, actuator, 47 comprises one 
or more solenoids 44 A, 44B that cause movement of actuator 47. For example, 

25 solenoids 44A, 44B may be disposed on opposing sides of back illuminators 42 to press 

both sides of a growth plate against platen 41. Once the biological growth plate is 
positioned at a desired location one or both of solenoids 44A, 44B cause actuator 47 to 
press the growth plate against platen 41. Illumination and imaging is then be 
performed. Again, a sensor arrangement facilitates detection of the growth plate at one 

30 or more desirable locations within biological scanner 30. In one example, actuator 47 
is spring biased against platen, and solenoids 44A, 44B engage to overcome the spring 
bias. In other words, one or both of solenoids 44A, 44B may disengage to cause 
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actuator 47 to press against platen 41, and engage to cause actuator 47 to release from 
platen 41. 

[0045] Upon illumination, imaging device 32 captures one or more images of the 
biological growth plate and provides the image(s) to a processor for analysis. The 
5 processor may be housed within biological scanner 30 or may be an external processor 
within another computer such as a desktop computer or workstation. In one example, 
imaging device 32 comprises a monochromatic imaging device that captures 
monochromatic images of the biological growth plate. For example, the biological 
growth plate may be illuminated by one or more red LEDs, at which time imaging 

10 device 32 generates a first image. Then, the biological growth plate may be illuminated 

by one or more green LEDs, at which time imaging device 32 generates a second 
image. Finally, the biological growth plate may be illuminated by one or more blue 
LEDs, at which time imaging device 32 generates a third image. 
[0046] The processor (either internal to scanner 30 or external) receives the 

15 monochromatic images and performs analysis on the images in order to generate a 

bacterial colony count. The use of a monochromatic imaging device 32 to generate one 
or more separate monochromatic images may improve image resolution for each color, 
and at the same time, can reduce implementation costs associated with imaging device 
32. The different images may also be combined by the processor for viewing or 

20 analysis purposes. 

[0047] In some embodiments, scanner 30 may process images of different biological 
growth plates according to different image processing profiles. The image processing 
profiles may be selected based on user input or identification of the type of biological 
growth plate presented to scanner 30. The image processing profile may specify 

25 particular image capture conditions, such as illumination intensities, exposure 

durations, and colors, for capturing images of particular plate types. Thus, the scanner 
may apply different image capture conditions, including different illumination 
conditions, in processing images of different biological growth plates. Moreover, 
identification of an indicia on the growth plate may allow for selection of image 

30 processing profiles in an automated fashion. 

[0048] As an illustration, some types of biological growth plates may require 
illumination with a particular color, intensity and duration. In addition, some biological 
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growth plates may require only front or back illumination, but not both. For example, 
an aerobic count plate may require only front illumination as well as illumination by 
only a single color such as red. Alternatively, an E. coli/Coliform plate may require 
only back illumination and a combination of red and blue illumination. Similarly, 
5 particular intensity levels and durations may be appropriate. For these reasons, 

illumination may be controlled in response to image capture conditions specified by an 
image processing profile, which may be identified by the indicia 19 on growth plate 12. 
[0049] After the growth plate has been scanned, rollers 36A, 36B, 37A, 37B can eject 
the growth plate from ejection slot 48. Another growth plate may then be inserted into 

10 biological scanner 30. 

[0050] FIG. 4 is another cross-sectional top view of biological scanner 30. As shown 
in FIG. 4, housing 31 may define a hinged door 49 that can be fixed in a closed position 
via locking mechanism 45. Hinged door 49 facilitates easy access to the interior of 
biological scanner 30. Accordingly, cleaning and maintenance of various components 

15 of biological scanner 30 can be performed by opening door 49 as shown in FIG. 4. 

Also, hinged door 49 can be useful for providing access to alleviate jams or other 
problems within biological scanner 30. 

[0051] Rollers 36A, 36B, motor 38, belt 39, and solenoids 44A, 44B are housed 
within door 49. When hinged door 49 is closed and locked into place via locking 
20 mechanism 45 (as shown in FIG. 3), rollers 36A, 36B disposed on door 49 abut rollers 

37 A, 37B. When hinged door 49 is open (as shown in FIG. 4) rollers 37 A, 37B are not 
biased against rollers 36 A, 36B. 

[0052] FIG. 5 is a cross -sectional front view of biological scanner 30 illustrating a 
sensor arrangement that facilitates automated intake of biological growth plates. In 

25 particular, biological scanner includes a set of sensors 52A, 52B, 52C that detect 

positioning of a biological growth plate and automate movement of rollers 36A, 36A\ 
36B, 36B' and actuator 47 (FIG. 3) in order to facilitate positioning of the growth plate 
for imaging. Rollers 36A and 36A' may be driven along shaft 53 and rollers 36B and 
36B' may be driven along shaft 54. Sensors 52 may be disposed on door 49 or adjacent 

30 platen 41. Sensors 52 may comprise optical sensors, or any other type of sensor 
capable of sensing a growth plate. 
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[0053] When a growth plate is inserted into biological scanner 30 along guiding 
mechanism 35, first sensor 52A detects the presence of the growth plate and causes 
motor 38 to drive rollers 36A, 36A\ 36B, 36B'via belt 39 in order to draw the growth 
plate into biological scanner 30. When second sensor 52B detects the growth plate, 
5 movement of motor 38 is temporality terminated and solenoids 44A, 44B cause 
actuator 47 to press the growth plate against platen 41 (see FIG, 3). In particular, 
second sensor 52B corresponds to a first desirable scanning position of growth plate, 
e.g., a location where indicia 19 (FIG. 1) of growth plate 12 can be imaged. 
[0054] Once one or more images of indicia 19 are generated, solenoids 44 A, 44B 

10 cause actuator 47 to release the growth plate from platen 41. Again, the images of 

indicia 19 can be used to identify growth plate 12 and facilitate selection of a counting 
algorithm useful for the identified plate. Motor 38 drives rollers 36A, 36A', 36B, 36B' 
via belt 39 in order to draw the growth plate further into biological scanner 30. When 
third sensor 52C detects the growth plate, movement of motor 38 is again terminated 

15 and solenoids 44 A, 44B cause actuator 47 to press the growth plate against platen 41 

(see FIG. 3). In particular, third sensor 52C corresponds to a second desirable scanning 
position of growth plate 12, e.g., a location where growth area 17 (FIG. 1) of growth 
plate 12 can be imaged. 

[0055] In other words, sensors 52A-52C control the processing flow through 
20 biological scanner 30. First sensor 52A detects the growth plate and initiates the 

process of drawing growth plate 12 into biological sensor. Second sensor 52B detects 
growth plate 12 at a first scanning position and causes imaging to occur. After 
imaging, growth plate 12 is drawn further into biological scanner 10. Third sensor 52C 
then detects growth plate 12 at a second scanning position and causes imaging to occur 
25 again. Growth plate 12 is then ejected from biological scanner 30. Numerous other 

sensor arrangements could also be defined. In general, the set of sensors 52 facilitate 
automated intake and processing of biological growth plates by detecting the location 
of a growth plate and causing actions to occur at proper times so that desired images of 
the growth plate can be generated, including an image of indicia carried by the growth 
30 plate and an image of the growth area of the growth plate. In other embodiments, 
however, imaging device 32 (FIG. 3) may be used to facilitate the detection and 
positioning of the growth plate, instead of sensors. 
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[0056] FIGS. 6 A and 6B are perspective views collectively illustrating a biological 
scanner 60 that includes another useful feature. In particular, biological scanner 60 
includes a first set of footings 62 disposed on a first side of scanner 60 and a second set 
of footings 64 disposed on a second side of scanner 60. In this example, the first set of 
5 footings 62 are disposed on a bottom side and the second set of footings 64 are 
disposed on a top side of scanner 60. However, other sides of the scanner could 
alternatively or additionally have footings. 

[0057] In accordance with this aspect of the invention, the insertion slot 65 that 
receives a biological growth plate is disposed on a right side of scanner 60 when 

10 scanner 60 is positioned on the first set of footings 62 and a front side 68 of scanner 60 
is facing a user (as shown in FIG. 6A). The insertion slot 65 is disposed on a left side 
of scanner 60 when scanner 60 is positioned on the second set of footings 64 and the 
front side 68 of scanner 60 is facing the user (as shown in FIG. 6B). In this manner, 
footings disposed on various sides of scanner 60 can facilitate selective positioning of 

15 scanner 60 in inverted orientations for simplified use by right-handed or left-handed 

users In other words, scanner 60 can be placed "right side-up" or "upside-down," 
depending on the desired orientation of slot 65. In this manner, footings can be 
disposed on various sides of scanner 60 to facilitate flexibility in terms of the input and 
output locations of the scanner. A user may position scanner 60 on a given set of 

20 footings 62 or 64 based on the user's preferences or the work environment in which 

scanner 60 is used. Footings on a back side of scanner may also be desirable for some 
applications. In this case, if scanner was positioned on footings disposed on its back 
side, front side 68 would be facing upward and slot 65 would be oriented on an 
uppermost side of scanner 60. 

25 [0058] FIG. 7 is a flow diagram illustrating operation of an exemplary biological 

scanner in accordance with an embodiment of the invention. FIG. 7 will be explained 
with reference to biological scanner 30 of FIGS. 3-5. 

[0059] Biological scanner 30 receives a biological growth plate (71). For example, a 
user may insert the biological growth plate into biological scanner 30 between guide 
30 mechanism 35 and actuator 47. Upon detection by first sensor 52A, one or more of 
rollers 36, 37 draw the growth plate to a first location (72), e.g., corresponding to 
second sensor 52B. Actuator 47 presses the growth plate against platen 41 (73), and 
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biological scanner 30 generates a first image of the biological growth plate (74). For 
example, illuminators 33A, 33B and possibly back illuminators 42 that may for part of 
actuator 47 can illuminate the growth plate and imaging device 32 can generate one or 
more images. 

5 [0060] Actuator 47 then releases the growth plate from platen 41 (75). Rollers 36, 37 
draw the growth plate to a second location (76), e.g., corresponding to third sensor 52C. 
Actuator 47 presses the growth plate against platen 41 (77), and biological scanner 30 
generates a second image of the biological growth plate (78). By way of example, the 
first image may correspond to an image of indicia on the growth plate and the second 

10 image may correspond to an image of a growth area on the growth plate. 

[0061] Actuator 47 then releases the growth plate from platen 41 (79), and rollers 36, 
37 eject the growth plate from scanner 30 (80). The images are then processed (81). In 
particular, the images are processed to count bacterial colonies on the growth plate. In 
one example, the images are internally processed within biological scanner 30 via an 

15 internal processor (not shown). In that case, biological scanner 30 would display or 
otherwise output bacterial counts. In another example, the generated images can be 
sent to an external computer for processing. In that case, the external computer would 
display or otherwise output bacterial counts. 

[0062] A number of embodiments of a biological scanner have been described. For 
20 example, sensor arrangements have been described which facilitate sensing and 

positioning of the growth plate in a plurality of locations for imaging. Automated 
transport mechanisms and positioning actuators are also described for automating the 
intake and positioning of a growth plate inside a biological scanner. Additional 
embodiments are directed to features such as a hinged door that facilitates access to the 
25 scanner, and footings disposed on various sides of the scanner to facilitate flip-over of 

the scanner for simplified use by right-handed or left-handed users. 
[0063] Nevertheless, various modifications may be made without departing from the 
spirit and scope of the invention. For example, one or more features described herein 
may be used with or without other described features. Also, in some embodiments, the 
30 imaging device may be used to detect positioning of the growth plate. In that case, one 
or more of sensors may be eliminated. These and other embodiments are within the 
scope of the following claims. 



